Dark and baryonic matter contribute comparable energy density to the present Universe. The dark matter may also be responsible for the cosmic positron/electron excesses. We connect these phenomena with Dirac seesaw for neutrino masses. In our model (i) the dark matter relic density is a dark matter asymmetry generated simultaneously with the baryon asymmetry so that we can naturally understand the coincidence between the dark and baryonic matter; (ii) the dark matter mostly decays into the leptons so that its decay can interpret the anomalous cosmic rays with positron/electron excesses.
Precise cosmological observations indicate that dark and baryonic matter have different properties but contribute comparable energy density to the present Universe. This intriguing coincidence inspires us to propose a common origin for the creation and evolution of the dark and baryonic matter. Since the baryonic matter currently exists because of a matter-antimatter asymmetry, the dark matter relic density may also be an asymmetry between the dark matter and dark antimatter [1, 2, 3, 4] . The dark matter asymmetry and the baryon asymmetry may originate from decays of the same heavy particles, so that their coincidence is not surprising at all. On the other hand, recently cosmic-ray data [5, 6, 7, 8, 9] suggest [10] that (i) the dark matter should dominantly annihilate or decay into leptons with a large cross section or a long life time; (ii) the dark matter annihilation or decay should be consistent with the constraints from the observations on the gamma and neutrino fluxes. In this paper we explain these phenomena in a unified scenario where the neutrino masses originate through the Dirac seesaw mechanism [11] .
We extend the standard model (SM) with a global U (1) lepton × U (1) dark symmetry and include additional particles: singlet right-handed neutrino ν R (1, 1, 0)(1, 1), heavy doublet scalar η(1, 2, −1/2)(0, −1), charged singlet scalar ξ(1, 1, 1)(−2, 0), and neutral singlet scalars σ(1, 1, 0)(0, −1) and χ(1, 1, 0)(−2, −1), where the transformations are given under the SM gauge group SU (3) c × SU (2) L × U (1) Y and the global symmetry U (1) lepton × U (1) dark . For simplicity, we only present the relevant part of the Lagrangian for purpose of demonstration,
Here ψ L (1, 2, −1/2)(1, 0) and φ(1, 2, −1/2)(0, 0), respectively, are the SM lepton and Higgs doublets. The righthanded neutrinos neither have Yukawa couplings with the SM Higgs doublet nor have Majorana masses as a result of the U (1) lepton ×U (1) dark conservation. The global symmetry U (1) lepton will be exactly conserved at any energy scales while the global symmetry U (1) dark will be spontaneously broken above the weak scale. The singlet scalar σ acquires a vacuum expectation value (VEV) to break U (1) dark and then induces a small VEV of the heavy doublet scalars η after the electroweak symmetry breaking by φ ≃ 174 GeV,
Therefore through the Dirac seesaw mechanism [11] , the neutrinos obtain very small Dirac masses naturally through their Yukawa couplings to the heavy doublet,
In our model, the heavy doublet scalar η has three lepton number conserving decay channels:
We consider two heavy scalars η 1,2 to incorporate CP violation. These decays of η 1,2 at loop orders (as shown in Fig. 1 ) can interfere to generate three types of lepton asymmetries after η 1,2 go out of equilibrium: the first one (including that transferred from the charged singlet scalar ξ) is stored in the left-handed lepton doublets ψ L ; the second one is stored in the singlet right-handed neutrinos ν R ; and the third one is stored in the neutral singlet χ, although the total lepton asymmetry vanishes as the lepton number is exactly conserved. The effective Yukawa couplings of the left-handed lepton doublets to the SM Higgs doublet and the righthanded neutrinos are extremely weak, so that they can not go into equilibrium until the temperature falls well below the electroweak scale. This will prevent the ν R asymmetry to cancel the ψ L asymmetry before the sphaleron transitions are over. Thus, before the electroweak phase transition, the sphaleron [12] action will partially convert the lepton asymmetry stored in the lefthanded lepton doublets to the baryon asymmetry in the Universe. Therefore, we can make use of the leptogenesis [13] via neutrinogenesis [14] mechanism to understand the baryon asymmetry in the Universe. On the other hand, the asymmetry between the neutral singlet χ and its CP-conjugate will always survive after it is produced because there are no other processes breaking the lepton number stored in χ. We will show later that this χ asymmetry corresponds to an amount of energy density, equal to the dark matter relic density, so that χ becomes the dark matter candidate.
For an estimate of the amount of CP asymmetry, we work in the basis, in which the η 1,2 mass matrix is real
. We also assume M η 2 ≫ M η 1 , so that the final lepton asymmetry stored in the left-handed lepton doublets ψ L and the dark matter asymmetry stored in the neutral singlet χ should mainly come from the decays of the lighter η 1 :
Tr y †
As the decays of ξ into two leptons ψ L are in equilibrium, we included the lepton asymmetry in ξ for estimating the total lepton asymmetry involved in the sphaleron process.
Here
The unitarity and the CPT conservation imply the total decay width of η 1 and η * to be the same Γ ηi = Γ η * i . For simplicity, we assume y 2 = y 1 e iϕ , κ 2 = κ 1 e iϕ , µ 2 = µ 1 e i(δ−ϕ) and then derive
The ratio between ε
The final baryon asymmetry and dark matter asymmetry would contribute energy density to the present Universe as below [15] ,
where m N ≃ 1 GeV is the masses of the nucleons, s is the entropy density, n B and n χ , respectively, are the number density of baryon and dark matter, n eq η 1 is the equilibrium distribution of the heavy singlet η 1 . The solutions (11) and (12) for the baryon and dark matter density are obtained, assuming that the decays of η 1 satisfies the out-of-equilibrium condition,
where H(T ) is the Hubble constant with relativistic degrees of freedom g * ≃ 100 and the Planck mass M Pl ≃ 10 19 GeV. In the presence of the fast annihilation between the dark matter and dark antimatter, the dark matter asymmetry should be equivalent to the dark matter relic density. In this scenario, the contributions from
The lepton number conserving decays for generating the desired lepton asymmetry and dark matter asymmetry.
the baryonic and dark matter to the present Universe should have the following ratio,
Conventionally, we define
to describe the current baryon asymmetry. Here n γ is the number density of photon.
For giving a numerical example, we take M η 1 = 0.1M η 2 = 5 × 10 13 GeV, |µ 1 | = |µ 2 | = 10 12 GeV and obtain η 1 = 100 η 2 ≃ 1 eV for σ = 1.5 × 10 4 GeV. Consequently the neutrino masses would be, 
Eventually, we obtain the baryon asymmetry and the dark matter asymmetry as below
which are fully consistent with the experimental observations [16] .
In the non-relativistic limit, the annihilation crosssection of dark matter and dark antimatter reads,
which could be very high as α, β, γ, ζ, ǫ, ϑ < √ 4π. For example, we obtain σv = 18 pb 4 TeV/m χ 2 for α, β, ϑ = 0.1 and γ, ζ, ǫ = 1. The thermally produced dark matter, with the mass within the range of a few GeV to a few TeV, should have an annihilation cross section slightly smaller than 1 pb to give the desired relic density (18) . If the cross section is much bigger than 1 pb, the thermally produced relic density should be negligible. Therefore the dark matter relic density can be well approximated by the dark matter asymmetry.
The recent cosmic-ray experiments [5, 6, 7, 8, 9] suggest [10] that (i) the TeV-scale dark matter should mostly annihilate or decay into the leptons with a large cross section or a long life time; (ii) the dark matter annihilation or decay should not result in overabundant gamma and neutrino fluxes. For demonstration, we take the rotation,
where
. Clearly, the Yukawa couplings of the heavy doublet scalars to the quarks are highly suppressed by O( η / φ ). Therefore, the dark matter χ should mostly decay into the charged singlet scalar ξ, the left-handed charged leptons ℓ L , the right-handed neutrinos ν R and 
For giving a numerical example, we choose the parameters considered before and then determine the life time,
We notice that the SM Higgs boson and then the bottom quark appear in the final states of the dark matter decay. However, the branching ratio is small (less than 4%) for the present choice of the parameters. This means the dark matter mostly decays into the leptons. Compared with the good fitting in [10] , we find that the dark matter decay in our model can induce the desired positron/electron excesses but avoid the overabundant gamma and neutrino fluxes.
